A 74-year-old woman was admitted to the intensive care unit (ICU) with respiratory failure. Following intubation and mechanical ventilation, nasogastric enteral feeding was begun. The sensitivity of the glucose oxidase strip method for detecting aspiration of enteral feed has been questioned because the glucose levels in commonly used feeds are similar to those of normal tracheal aspirates. In order to increase the glucose concentration of the feed, 10 g of glucose was added to each 500 ml feed carton. Testing oral and tracheal secretions with standard glucose oxidase strips allowed the accurate detection of both pharyngeal regurgitation and tracheal aspiration.
The importance of adequate nutrition in the critically ill is widely accepted 1 . Enteral feeding has been shown to achieve comparable effects on nitrogen balance when compared with parenteral nutrition 2 , while avoiding many of the complications associated with the latter 3 . However, pulmonary aspiration of enteral feeds is also well documented 4 . Feed aspiration may be recognised clinically (that is recognised at the bedside by the appearance of feed in the aspirates), or, more commonly, unrecognised 4 . The cause of a respiratory deterioration in a critically ill patient frequently remains unknown. Critically ill patients are vulnerable to lung injury from aspiration as they have impaired respiratory defences and are susceptible to bacterial colonization of the stomach contents related to reduced gastric acidity. Unfortunately, an adequately inflated high volume low pressure (HVLP) tracheal tube cuff does not prevent the passage of fluid from the oropharynx to the lungs 5 . Ongoing unrecognised aspiration in these patients increases the incidence of ventilator-associated pneumonia (VAP) 4 . In order to reduce unrecognised aspiration, it is important to be able to detect it at the bedside and hence alter management and reduce the risk.
Colouring feed with blue food dye has commonly been used to detect aspiration but recent case reports have linked this practice with mortality in septic patients 6 .
A modified glucose oxidase test strip method for detecting aspiration of enteral feed is currently being used on our intensive care unit. The sensitivity of the glucose oxidase strip method for detecting aspiration of enteral feed has been questioned because the glucose levels in most commonly used feeds are similar to those of normal tracheal aspirates 7 . Only if the tracheal glucose concentration is greater than that of the blood can one be sure that aspiration has occurred.
To increase the glucose concentration of the feed (in this case-Osmolite, Abbott Laboratories, Kent, U.K.), 10 g of glucose was aseptically added to each 500 ml feed carton. Twenty millilitres of 50% sterile dextrose was added though the foil of the feed carton with a hypodermic needle immediately prior to piercing the foil with the feed giving set. This increased the carbohydrate load by only 14% from 68 g to 78 g, but markedly increased the glucose concentration by 1000% from 11 mmol/l to 120 mmol/l. It was postulated that the sensitivity of the test would be vastly increased because with even an eightfold dilution of the feed in gastric, pharyngeal or tracheal secretions would still produce a strongly positive test. Testing oral and tracheal secretions with standard glucose oxidase strips allows the detection of both pharyngeal regurgitation and tracheal aspiration.
CASE HISTORY
A 74-year-old woman was admitted to the intensive care unit (ICU) with respiratory failure due to a postoperative pneumonia. Twenty-four hours following intubation and mechanical ventilation, she was extubated but was unable to cough effectively and was re-intubated with a size 8 cuffed tracheal tube. A surgical tracheostomy was planned to assist her weaning. She was sedated with a propofol infusion and ventilated with synchronized intermittent mandatory ventilation (SIMV). Nasogastric enteral nutrition was commenced whilst awaiting her tracheostomy. Twenty millilitres of sterile 50% glucose (10 g) was added to each 500 ml bottle of feed as described above.
Initially she was nursed in a 15 degree head-up position. Routine blood gas and glucose analysis were followed by pharyngeal and tracheal suctioning. A glucose oxidase strip (BM-TEST, Roche) was placed in the clean suction tubing as shown in Figure 1 , so that the secretions obtained came into contact with the strip as they passed along the tubing.
On the first day of testing the pharyngeal aspirate, glucose concentration rose to above the blood glucose concentration (28 mmol/l v 10.8 mmol/l) indicating an episode of regurgitation although the secretions obtained did not appear to contain feed. This was followed by a similar rise in tracheal aspirate glucose concentration (28 mmol/l) indicating pulmonary aspiration of feed ( Figure 2 ). This was associated with a fall in the P a O 2 /FiO 2 ratio ( Figure 3 ).
The tracheal aspirate sample was not recognisable as feed, and the secretions were not noted to have changed in consistency or quantity. Intravenous metoclopramide (10 mg tds) was begun and an increased head up position (approximately 40 degrees) was adopted. Feeds were stopped and the stomach emptied. She was transferred to the operating theatre for an uneventful surgical tracheostomy. There were no further episodes of aspiration following the introduction of a gastric motility agent and maintaining the patient in the semi-recumbent position.
The following day the tracheal glucose concentration had returned to below that of the blood glucose, the PEEP was increased in order to improve oxygenation and nasogastric enteral feeding was reestablished. Pharyngeal secretion glucose concentration again rose above blood glucose (28 mmol/l v 6 to 12 mmol/l) indicating regurgitation, but the tracheal glucose concentrations remained low (4 to 9 mmol/l), indicating that significant aspiration of feed had not occurred.
DISCUSSION
Subclinical tracheal aspiration in mechanically ventilated critically ill patients is common. The incidence of subclinical aspiration in intubated critically ill patients is likely to be between 21% and 50% 4 . The incidence decreases with increasing consciousness and with the semi-recumbent position 8 . In a benchtop model, the use of PEEP was protective against subglottic to tracheal aspiration 9 . A number of tracheal tube cuff prototypes have also been shown to eliminate aspiration in benchtop models 10 , in animal studies 11 and in clinical trials 12 .
Attempts to detect low levels of aspiration have been made by adding blue dye to feeds 13 or the oropharynx 5 , by instilling radioisotope labelled colloid to the stomach 8 and by using the glucose oxidase test strip method 4 .
The blue dye methods have poor sensitivity 13 and have complications. 
Relationship of pharyngeal regurgitation and tracheal aspiration
Glucose concentration (mmol/l) Pingleton stated in the editorial accompanying this paper that "clinicians should not depend on tracheal glucose determinations as routine monitoring for the diagnosis of pulmonary aspiration" 16 . This is true for tests that rely on interpreting tracheal glucose concentrations as being positive for aspiration in the 2 to 9 mmol/l range. The addition of glucose to the feeds however, allows a much more certain positive result that could only occur with direct contamination of the tracheobronchial tree with feed, the glucose concentration of the feed increasing from the 2.4 to 11.2 mmol/l range 7 to approximately 120 mmol/l.
Time (hours)
Tracheal secretion glucose concentrations have been found to be 3.7±3.0 (SD) and 5.8±3.9 (SD) mmol/l in enterally and non-enterally fed groups respectively 7 . Tracheal glucose concentrations are related to blood glucose concentration 7 . The concentration of glucose in the tracheal secretion is normally only about a quarter of the blood glucose concentrations although there is considerable variability and secretions contaminated with blood are likely to have glucose concentrations approaching those of the blood.
There are liability issues that should be considered when making additions to enteral feed. Of particular importance are sterility issues. The strictest sterility procedure was followed, glucose was added immediately prior to use of the feed and a glucose preparation designed for intravenous administration was used. Feed manufacturers assume no liability for the addition of substances to the feeds. Despite this, water 17 , dye 6, 16 and even hydrochloric acid 17 have been added to feed. Radioisotope labelled colloid has also been instilled into the stomach 18 . A search of the medical literature and manufacturer product information did not reveal any data regarding the addition of glucose to enteral feeds. It would seem unlikely that such a small quantity of glucose added to the feed would have unforeseen problems.
The present case demonstrates a refinement of the glucose oxidase test strip technique for the detection of regurgitation and/or pulmonary aspiration of enteral feed. The routine monitoring of pharyngeal and tracheal aspirates using this technique can be used as a guide to introduce specific measures in at risk patients thereby reducing the incidence of pulmonary aspiration.
This method for detecting pulmonary aspiration needs to be further evaluated, and in particular, a causal relationship between tracheal glucose concentration and oxygenation cannot be assumed as this is only a single case report. A randomized controlled trial is necessary to control for confounding influences. This technique might facilitate research into feeding regimens (such as gastric verses jejunal), feeding rate protocols and the evaluation of tracheal tube cuff technology aimed at eliminating pulmonary aspiration.
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